Abstract -This paper presents analytical solutions for the performance of a single relay aided amplify-and-forward (AF) direct sequence code division multiple access (DS-CDMA) system over Rayleigh/Nakagami-m fading channels. The source-destination channel is assumed to be Rayleigh distributed while relay-destination link is Nakagami-m distributed. First, a cumulative distribution function (CDF) is derived for the source-relay-destination link and the derived CDF expression is used to evaluate the outage probability. Then, a moment generating function (MGF) is obtained through integral evaluation of the derived CDF expression in order to evaluate the average error probability of the considered system. Finally, the accuracy of the proposed analytical expressions are confirmed by computer simulations.
Introduction
Relaying is one of the promising techniques to maintain the communication, extend the coverage range and achieve high transmission rates. In practice, it may be impossible to communicate from transmitter to receiver due to fading effects, path loss and shadowing. In these conditions, two-hop relaying can be used as an alternative transmission technique in practical systems such as CDMA systems or next generation wireless systems. There are two main relaying methods such as amplify-and-forward (AF) relaying and decode-and-forward (DF) relaying. In AF method, the received signal is amplified at relay (R) node and the amplified source (S) signal is sent to the destination (D). On the other hand, R sends the estimated signal to D in DF relaying method [1] .
In many publications, the performance of two-hop relaying systems is investigated [2] - [8] . The authors in [2, 3] presented a study on dual-hop fixed gain relaying systems over Rayleigh/Rician and Rician/Rayleigh fading channels. In these works, they derived a cumulative distribution function (CDF) to analyse the system performance. In [4, 5] , the authors proposed exact expressions for two-hop AF relaying systems over Nakagami-m/Rician fading channels as well as Rician/Rician and Nakagami-m/Nakagami-m fading channels. Kapucu et al. [6, 7] investigated the performance of two-hop regenerative relaying systems under mixed Rayleigh/Gamma and Rayleigh/Weibull fading conditions. In [8] , the end-toend performance of fixed gain two-hop AF relaying is presented in flat Rayleigh fading.
In the studies above [2] - [8] , two-hop relaying systems are investigated over different fading channels without DS-CDMA systems. DS-CDMA system is a spread spectrum technique which is commonly used in mobile communication systems. In DS-CDMA systems, the main objective is to increase bandwidth and provide a safe communication in a limited frequency band [9] - [11] . In the literature, there are only a few studies dealing with the performance of two-hop DS-CDMA networks with AF transmission [12] - [14] . The bit-error rate performance of two-hop AF relaying with DS-CDMA systems is investigated over different fading channels by presenting only computer simulations. In [13] , the authors analysed the performance of DS-CDMA system with relaying by taking into account multi-user transmitter pre-processing based on channel impulse responses. Zappone et al. [14] considered the resource allocation problem in a relay-aided DS-CDMA wireless communication system.
In this study, different from [2] - [14] , the performance of two-hop DS-CDMA systems with AF relays is presented over mixed fading channels where the S-R and R-D links are subject to Rayleigh and Nakagami-m fading, respectively. For the considered system, the main contributions of this paper is explained as follows EEE 122-2 1) An exact solution for the CDF of indirect link (S-R-D link) is derived for fixed gain AF relaying based two-hop DS-CDMA systems and the outage probability of the considered system is evaluated based on the derived CDF expression.
2) An exact solution for the moment generating function (MGF) is derived by using the exact CDF expression and average error probability is examined based on MGF approach.
3) The numerical results are confirmed by the computer simulations to show the accuracy of the derived expressions.
System and Channel Models
Consider an N-user DS-CDMA network with fixed gain AF relaying protocol in asymmetric fading environments. A single-relay two-hop relaying system is illustrated in Fig.1 . In the considered system, each user is equipped with one antenna and half duplex transmission is assumed. The transmission occurs in two transmission phases. In the first phase, the S forwards the message to the R node. The received DS-CDMA signal at R node can be expressed as
where f is the frame length, N is the number of users,   
Statistical Analysis
In this section, the CDF and MGF expressions are obtained in order to analyse system performance. The total instantaneous SNR of the considered system at D node with fixed gain two-hop AF relaying is given by [8] sr rd srd rd
where 0 C  .
Outage Probability
Outage probability, 
By substituting (4) and (9) 
After some mathematical arrangements, equation (10) 
Average Error Probability
Integral form of the average error probability for M-ary phase shift keying (M-PSK) is given as 
With the help of [15, 6.643.3] , the MGF expression is derived as 
where , () W   is the Whittaker function [15] . By substituting (18) into (13) , average error probability is numerically obtained.
Numerical Results
This section presents the numerical results and their corresponding simulation results for outage probability and average error probability in Figs. 2 and 3 Again, it is shown that the results of the error probability obtained by using the exact MGF expression of (18) derived in this work show excellent agreement with the simulation results especially after 12  dB. As expected, when the constellation size gets larger, the average error probability increases. For example, average error probabilities of 
Conclusion
In this study, we introduced an accurate analytical framework for investigating the performance of two-hop DS-CDMA systems with fixed gain AF relaying over Rayleigh/Nakagami-m asymmetric fading channels. We derived an exact CDF and MGF expressions for the total SNR of cascaded link (S-R-D link) in order to analyse the average error probability and outage probability. The numerical results obtained by the proposed expressions are in excellent agreement with their corresponding simulation results.
